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Experimentally-induced muscl1 e atrophy in the 
developing chick embryo: Glycogen metabolism 
MICHAEL J. HARRIS* 
ABSTRACT - Glycogen content and the activities of phosphorylase (PHRL) and glycogen synthetase 
(GS) in the hind limb muscle of normal, unilaterally (right) - denervated and in nicotine sulfate (NS) 
- injected chick embryos were determined to assess the effect of the experimental treatments on 
glycogen metabolism. Glycogen content increased with increase in age in normal limbs, remained 
relatively low in denervated limbs, increased with age in left (unoperated) limbs of denervated em'bryo 
limbs at a rate lower than normal except between days 13 and 17 of incubation, when glycogen 
content tripled. The same parameter in NS-injected embryo limbs remained generally low throughout 
development. Overall glycogen metabolism showed opposite patterns when a comparison was made 
between the two experimental groups. Comments are made on the relation of the results of this study 
to the effects of various muscle disorders. 
A great deal of effort has been put into the exploration of 
the mechanisms relating to certain muscular disorders. 
(Harris, 1969). The role of glycogen metabolism in many of 
the studies has been established. The present study is an 
attempt to understand the role of glycogen metabolism in 
experimentally induced muscle atrophy in chicken embryos. 
Microsurgical procedures and chemical treatments were used 
to alter nonnal muscle and/or nerve development. It is recog-
nized that metabolic pathways other than those concerned 
with glycogen may be affected by our procedures and call 
attention to the work of Kaplan et al. (1956) and Coper 
(1968) in which it h as been suggested that certain analogs of 
nicotinamide (3-acetyilpridine, 3-AP and 6-aminonicoti-
mamide, 6-AN) may have a direct effect on muscle cell 
reactions involving oxidized pyridine nucleotides since some 
analog-substituted coenzymes are know to compete with 
nicotinamide in biochemical reactions. It is iikely that nico-
tine sulfate (NS) may have a similar effect and indirectly 
influence muscle glycogen metabolism. 
Sensitive assay methods for glycogen and for the enzymes 
associated with its metabolism were applied to lyophilized 
preparations of chick h ind limb skeletal muscle. 
The results of this work suggest that glycogen metabolism, 
under the experimental conditions used, may be altered by 
two or more control mechanisms. 
Two groups treated; third untreated 
Fertilized eggs from a controlled stock of New Hamphire 
Red chickens were incubated in a forced draft incubator at 
36.5 C and 60-65 percent relative humidity for periods of 
time ranging from 7 to 17 days. One group of embryos was 
subjected to an operative procedure (Hamburge F et al. 1966) 
on day 3 of incubation and another group was injected with 
NS (Sigma Chemical Co.) on day 4. A third group of em-
bryos, untreated, served as controls. Each age group har-
vested (7, 10, 13 and 17 days in incubation) was comprised 
of 2 or 3 embryos with duplicate measurements of para-
meters (glycogen content, phosphorylase (PHRL) and gly-
cogen synthetase (GS) activities) made on both hind limbs. 
Each embryo was lyophilized upon harvesting by the 
methods d€scribed by Perry (1968). A fluorometric assay of 
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parameters was made by a modification of the method de-
scribed by Passonneau et al., 1967 (Glycogen and PHRL) and 
Leloir et al., (l 959)(GS). 
Glycogen content and enzyme activities were analyzed 
statistically using the t-test for difference between two means 
(cont rol vs experimental group). A value for P of more than 
0.05 was considered not significant. 
Changes noted over time 
The glycogen content of the limbs of normal (control) 
embryos increases with increasing age except in the case of 
the left limb between 13 and 17 days of incubation. There 
appears to be a preferential storage of glycogen in the right 
limb of control embryos of 13 days and older. 
In the denervated right limb of the operated group, there 
is a different pattern of glycogen accumulation. On day 7, 
glycogen content in the denervated limb is twice that in the 
contralateral limb. After day 7, glycogen content in both 
limbs of the operated embryos is less than in comparable 
control specimens. On day 17, a drama tic shift appeared in 
the pattern of glycogen accumulation. 
Only a small difference is observed between normal and 
NS-injected embryos in glycogen content at day 7. At all 
other ages, however, glycogen levels in the NS-injected em-
bryos declined with respect to control levels. 
PHRL .ictivities for the control group have been charted. 
There are relatively low levels of activity until day 17. In the 
operated froup of embryos, PHRL activity until day 17. In 
the operated group of embryos., PHRL activity differs 
significantly from the control on days rn, 13 and 17. 
The pattern of PHRL activity in NS-injected embryo limbs 
is essentially the same as that in the control limbs on day 7, 
but thereafter deviates from the control activities. 
Glycogen syn the tase activity in control limbs during the 
period studied has a bimodal appearance. There is an increase 
from day 7 to day 10, a decrease from day 10 to day 13 and 
another increase from day 13 to day 17 of incubation. 
In the operated limbs, GS activity is significantly different 
from that in control limbs. 
GS activity in the limbs of NS-injected embryos at days 
I 3 and 17 are noticeably lower th.an those of the controls. 
The GS/PHRL ratio was chosen as a useful index of gly-
cogen metabolism. The activities of these two enzymes are 
the indices of the major synthetic and degradative pathways 
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of glycogen metabolism in muscle and will be useful in deter-
mining metabolic trends. As the ratio increases, glycogen 
content tends to increase and as it decreases, glycogen con-
tent tends to decrease. The patterns between the two experi-
mental groups are exactly opposite, and both are signifi-
cantly different from the control group at days 10, 13 and 
17. 
Basis of differences examined 
A possible explanation for differences in the patterns of 
glycogen accumulation between the operated and the NS-in-
jected groups may be that the treatmei1ts interfere with the 
regulation of glycogen, metabolism. Where there is an in-
crease in the amount of glycogen, there may be either a 
decrease in PHRL activity or an increase in GS activity. Such 
a phenomenon is observed is observed in normal 10 day em-
bryos in which GS activity increased relative to an increase in 
glycogen content. This was also the case in 10 day NS-in-
jected embryos. 
In denervated embryonic muscle, glycogen tends to in-
crease slightly from day 7 to day 13 in these experiments 
followed by a decline in glycogen content to day 17. The 
increase is paralleled by a slight increase in GS activity up to 
day 13 and a modest decrease in PHRL activity at day 17. 
The unusual increase in GS activity at day 17 cannot 
presently be accounted for. 
Glycogen concentrations determined in these experiments 
by the enzymatic method are in good agreement with values 
reported by Lee, (1951) and Templeton, (1958) who used 
the anthrone method. 
PHRL activity on th e days studied was quite low in com-
parison to data reported by Rinaudo and Bruno (1968) and 
Love et al. (1969). The discrepancy between the values re-
ported here and the one reported above may be due in part 
to the differences in the rates of reaction of PHRL in the 
synthetic versus in the degradative direction. Rinaudo and 
Bruno assayed PHRL activity in the synthetic direction 
whereas the present work attempted to measure that activity 
in the direction of breakdown. The equilibrium of the PHRL 
reaction favors synthesis, but in vivo, the degradative path-
way is extant since inordinately high, nonphysiological con-
centrations of substrate are required for synthesis. There is 
also evidence that glycogen synthesis in vivo is accompl1ished 
by a separate pathway (George and Berger, 1966and Leloir, 
1967). 
Another consideration which may shed light on the reason 
for the low PHRL activity reported is the possibility that 
embryonic PHRL under the conditions of our assay reacts 
differently from adult enzyme. Rinaudo and Bruno (I 968) 
have shown that pyridoxal phosphate (P ALP) determines a 
weak activation in the PHRL reaction in both adult and in 
embryonic muscle in the synthetic direction. This co-factor 
appears to be less tightly bound to the embryonic protein 
moiety than to the apoenzyme of adult PHRL. Under experi-
mental conditions, when the apoenzyme has been separated 
from PALP, reconstitution with PALP yields and 832 per-
cent increase in activity in 10 day embryonic muscle, but 
only a 50 percent increase in adult muscle. It is possible that 
a similar relationship in the glycogenolytic direction of the 
PHRL reaction could account for some of the difference in 
activity. 
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There is some conflicting evidence with respect to PHRL 
activity measured in the direction of synthesis. Cosmos 
(I 966) reported PHRL activities in normal chicken muscle 
which were 25 to 50 percent higher in equivalent stages of 
development to those reported by Rinaudo and Bruno 
(I 968). The method used was similar. Cosmos also found 
negligible differences between PHRL activities of normal and 
of dystropic chick muscle which is an observation similar to 
one found for the present work with experimentally induced 
neurogenic atrophy and NS-induced atrophy. 
GS activities were found to be in close agreement with 
those reported by Grillo et al. (I 964) and Rinaudo et al. 
(1969) for equivalent tissue. Furthermore, these results sup-
port the hypothesis that glycogen synthesis is attributable to 
GS as stated by Friedman and Larner (1963) and George and 
Berger. (1966). 
Reports by Bot et al. (1960) and by Grillo and Ozone 
(1962) that glycogen synthesis but not glycogen breakdown 
occurs in the skeletal muscle of chick embryos younger than 
13 days are not supported by this evidence. 
Should glycogenolysis in muscle not begin until the 
beginning of the third week of development, one might ex-
pect that muscular contraction and motility would not occur 
since it is known that the energy required for these activities 
is derived from the breakdown of glycogen. Hamburger and 
Balaban ( 1963) however, have clearly shown that significant 
motility occurs in the chick embryo as young as 3½ days. 
The pattern of glycogen accumulation in denervated chick 
muscle is similar to that observed for denervated postnatal 
mammalian muscle, i.e., there is an increase above glycogen 
levels in the unoperated limb muscle during the phase im-
mediately following denervation (Bass, 1962). This increase 
was observed in the present study and was accompanied by 
an increase in GS activity but by no appreciable change in 
PHRL activity. 
The disadvantage of using the left limb of operated em-
bryos as a control in denervation experiments was considered 
by Garcia-Bunuel et al., (I 965). These workers found that 
muscle lactate dehydrogenase increases as a result of com-
pensatory activity in the limb contralateral to a denervated 
limb of an adult rabbit. They suggested the use of the un-
operated limb of a normal animal as a control. Our ex-
perience with the glycogen enzyme systems suggests that this 
may not be absolutely necessary. 
There seems to be a delayed effect on glycogen metabo-
lism in NS-injected embryo muscle. Only in the 13 and 17 
day embryos of this experiment is any effect noted. The 
possibility exists that degenerative reactions are more im-
portant late in the development of muscle subjected to ex-
perimental atrophy. Proteolysis and other degradative 
reactions occur which may change glycogen concentration 
and denature and enzymes of glycogen matabolism. Kohn 
(1966) reported observations implicating autolysis as a prime 
factor in muscle degeneration in denervated skeletal muscle 
of adult rats. 
Evidence given by Leonard (I 957) on PHRL and glycogen 
in postnatal mice and without hereditary myopathy bears on 
the muscle atrophic aspects of this study. Leonard found 
that PHRL activity in myopathic mice was lower than that in 
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normal mice and, at the same time, glycogen concentration 
was observed to be higher. In the present study, PHRL 
activity was approximately the same in atrophy induced by 
either experimental procedure while glycogen concentrations 
were lower than normal. The comparison suggests that the 
induced atrophies are effected by mechanisms different from 
those in hereditary myopathy. Leonard stated categorically 
that "there is no correlation between the amount of glycogen 
present and phosphorylase activity in a muscle," but this 
statement should be revised in view of the recent work of 
Leloir (I 967) which has established a relationship between 
PHRL activity and glycogen content. 
The embryonic stages used in the present study included 
those in which one could expect the experimental treatments 
to have significant effects. Cell proliferation and differenti-
ation were in progress in the developing limbs when the treat-
ments were applied. As the results of the treatments become 
evident, degenerative factors such as protein loss, fat accumu-
lation and necrosis introduce complications into the interpre-
tation of the final results. Whether or not these factors have a 
significant influence on glycogen metabolism awaits further 
study. The degenerative effects of denervation and of NS 
injection become noticeable about the 9th day in incubation 
in our study. 
One cannot exclude consideration of the effects of the 
experimental treatments used in this study on reactions 
which are mediated by hormones. PHRL is known to be 
regulated by insulin, glucagon and adrenalin (Leloir, 1967). 
These hormones begin to appear about day 6 if embryonic 
chick development (Willier, 1955) and may be operative im-
mediately. It is not inconceivable that the experimental treat-
ments used in this study could have an effect on the syn-
thesis or operation of hormones. 
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